Introduction
Hypertension is one of common cardiovascular diseases and also a major risk factor of atherosclerosis, and plays crucial roles in the occurrence and development of coronary heart diseases (CHD) [1] . It has been shown that the amplitude of the increase in blood pressure is linearly correlated with the incidence of CHD [2] . Renalase is a flavin adenine dinucleotide dependent amine oxidase and secreted in the kidney. Renalase is involved in the regulation of blood pressure and cardiac function via degrading catecholamines in the blood circulation [3, 4] . Human renalase gene is mapped to 10q23.33 [5] and highly expressed in the kidney and heart [6, 7] . To date, available studies focus on the role of renalase gene polymorphism in the hypertension, and the single nucleotide polymorphisms (SNP) studied in previous studies is usually localized at the potential functional domains. There is evidence showing that SNP of rs2296545 is associated with hypertension [8] or hypertension and concomitant diabetes [9] . In addition, the SNP of rs2576178 was also found to be related to the pathogenesis of hypertension [8] or the pathogenesis of hypertension in patients with end stage renal disease (ESRD) [10] . However, the SNP of rs10887800 has been confirmed to be associated with the atherosclerosis and the stroke in hypertensive patients [9] .
Our previous study confirmed that renalase was involved in the regulation of blood pressure in spontaneously hypertensive rats (SHR) [11] . In addition, studies also confirmed that renalase participated in the protection against myocardial ischemia in CHD [12] . This study was undertaken to analyze the SNP of renalase gene in hypertensive patients and those with hypertension and concomitant CHD, aiming to investigate the association of renalase gene with hypertension and concomitant CHD. Our findings may provide evidence to identify hypertensive patients who are susceptible to develop CHD and to find new way to predict CHD from the view of genetics.
Materials and Methods

Subjects
Inpatients were recruited from the Department of Cardiology of the Third Xiangya Hospital of Central South University and healthy controls who received physical examination were from Health Management Center from August 2012 to November 2013. A total of 2405 subjects were recruited into present study. There 802 patients with hypertension alone, 791 patients with both hypertension and CHD and 812 healthy controls.
Inclusion criteria
Hypertension was diagnosed according to the Guideline for the Prevention and Treatment of Hypertension in China (2010). All the patients were Han Chinese and aged 45-65 years. The hypertensions of these patients were all at mild-to-moderate degrees (140-160/90-100 mmHg). Long effective angiotensinconverting enzyme inhibitors or (and) calcium channel blockers were used to control the blood pressure. The ratio of males to females was acceptable. The course of hypertension was longer than 10 years.
CHD was diagnosed when there was definite history of vascular stenosis (coronary angiography) or myocardial infarction.
Following patients were excluded: secondary hypertension; patients with other heart diseases (myocarditis, cardiomyopathy, pericarditis, valvular heart disease); patients with diabetes or chronic kidney diseases; patients with cerebral infarction; patients with peripheral vascular diseases; patients with autoimmune diseases; patients with tumors. Based on the inclusion criteria in former studies, we excluded the diabetes mellitus and peripheral vascular diseases, in order to prevent the impacts of atherosclerosis related risk factors or diseases on gene polymorphism phenotypes. We chose the simple hypertension patients at the age of 45-65 years old as the research objects, in order to exclude the young secondary hypertension patients or elder hypertension patients with undiagnosed atherosclerosis.
Samples and data collection
Venous blood (2 ml) was collected and anti-coagulated with EDTA. Then, plasma and blood cells were separated by centrifugation at 3000 r/min for 15 min and stored at -80°C. The demographics (such as gender, age, smoking and drinking status, body mass index [BMI] was recorded. On admission, the blood sodium (Na), renal function (Creatinine, Cr), blood glucose (Glu), and blood lipids (such as total cholesterol 
Screening of SNP
The renalase gene data of Han Chinese in Beijing was screened in the NCBI and HapMap. Haploview4.2 software was used to screen tag SNPs related to the present study. Selection criteria for SNPs: 1) Minor allele frequency of SNP is no lower than 0.05; 2) The SNP with positive findings and high influence factor is preferred.
Identification of genotype
DNA extraction was performed with a DNA extraction kit (QIAGEN, Germany). Detection of SNPs were as follows: 1) Primers used for PCR: Primers for rs2576178: 5' AGC AGA GAA GCA GCT TAA CCT 3' (forward), 5'TTA TCT GCA AGT CAG CGT AAC3' (reverse); primers for rs2296545: 5'GGA AGT CCC CGA TCA CGT GAC3' (forward), 5'TGC TGT GTG GGA CAA GGC TGA3' (reverse). Primers were synthesized in the Nanjing BioSky Sci & Tech Co., Ltd. 2) PCR was done in a 50-μl mixture and the conditions were as follows: predenaturation at 95°C for 10 min, denaturation at 95°C for 15 s, and annealing and extension at 60°C for 1 min. Products from PCR were stored at 4°C. 3) Digestion: After PCR, 10 μl of products were subjected to digestion with restriction endonuclease (5 U; MspI for rs2576178 and Eco81I for rs2296545; Nanjing BioSky Sci & Tech Co., Ltd) at 37°C for 10 h. 3) Following preparation of 1.5% gel, the products after digestion were subjected to electrophoresis. 4) Image analysis was performed with GD8000 imager (UVP, USA).
Statistical analysis SPSS 19.0 and Haploview 4.2 were used for statistical analysis. Quantitative data were expressed as mean ± standard deviation (x±s). Comparisons among groups were done with Kruskal-Wallis test. Qualitative data were expressed as percentage (%) or specific values, and comparisons were performed chi square test. Haploview software was used for genotype analysis, analysis of allele frequency, HWE test and analysis of linkage disequilibrium (LD) of SNPs (D and r² represent the degree of LD of SNPs) and analysis of haplotype. The association of renalase gene SNPs with hypertension and concomitant CHD was evaluated by odd risk and 95% confidence interval (CI) which were calculated with non-conditioned logistic regression analysis. A value of P<0.05 was considered statistically significant.
Results
In the present study, genotype, allele and haplotype were analyzed in rs2576178 and rs2296545, aiming to elucidate the association of renalase with hypertension and hypertension combined with CHD.
Analysis of demographics
There were no significant differences in the gender, age, smoking and drinking status among three groups. However, significant difference was observed in BMI between patients and healthy controls. In addition, the levels of Na and TG were comparable among three groups, and remarkable differences were noted in Glu, TC, LDL-C, HDL-C and Cr. The levels of Glu, TC and LDL-C were the highest in patients with hypertension and CHD and the lowest in healthy controls. On the contrary, the HDL-C was highest in healthy controls and the lowest in patients with hypertension and CHD (Table 1 ). In the present study, after digestion of rs2576178 and rs2296545 with corresponding restriction endonuclease, the length of products was 525 bp for allele A and 423bp+102bp for allele G, and 188 bp+21bp for allele C and 209 bp for allele G, respectively (Figure 1) .
HWE test and LD analysis of renalase gene SNP
Hardy-Weinberg genetic equilibrium states that allele and genotype frequencies in a population will remain constant from generation to generation in the absence of other evolutionary influences (such as natural selection, mutation and production of new genes). Haploview4.2 software was used for HWE test. The free degree of 1 and P of >0.05 represent the HWE. In the present study, HWE test was done in three groups, and results showed 2 SNPs in three groups met HWE, suggesting that the subjects investigated in the present study were from the general population and representative.
LD is also known as allelic association and refers to the non-random association of alleles at two or more loci that descend from single, ancestral chromosomes. LD is caused by gene mutation or gene recombination. In the present study, LD analysis of Rs2576178 and Rs2296545 showed the D/r² ratio was 0.040/0.001, suggesting the low degree of LD at two sites and a low mutual predictive value. Further haplotype analysis is required [13] .
Correlation analysis of renalase gene among three groups
The genotypes and allele frequency of rs2576178 of hypertension patients with CHD, hypertensive patients and controls are shown in Table 2 . Results showed marked differences in the genotypes and allele frequency. After comparisons between two groups, no significant difference in the genotypes and allele frequency of rs2576178 were observed between hypertensive patients and controls (P=0.688 and 0.979). However, remarkable differences in the genotypes and allele frequency of rs2576178 were noted between hypertensive patients with CHD and hypertensive patients. The proportion of patients with AA genotype and the allele A frequency in hypertensive patients with CHD were significantly higher than those in hypertensive patients (P>0.001 for both). The OR of allele A was 1.625, and 1 was not included in the 95% CI, suggesting the marked difference in the risk for allele A. Similar findings were observed between hypertensive patients with CHD and controls. The proportion of patients with AA genotype and the allele A frequency in hypertensive patients with CHD were significantly higher than those in controls, and allele A carriers had a high risk (OR=1.619).
The genotypes and allele frequency of rs2296545 of hypertension patients with CHD, hypertensive patients and controls are shown in Table 2 . Results showed there were no marked differences in the genotypes and allele frequency of rs2296545 among three groups. Comparisons between two groups showed the proportion of patients with CC genotype and allele C frequency in hypertensive patients were markedly higher than those in controls (P=0.037 and 0.009). The OR of allele C was 1.436. However, no remarkable differences were observed in the genotypes and allele frequency of rs2296545 between hypertensive patients with CHD and hypertensive patients and between hypertensive patients with CHD and controls.
Haplotype analysis of renalase
Haplotype analysis can not only evaluate the association of haplotype with relevant diseases, but also reflect the susceptibility gene related to a specific disease after comprehensive analysis because it integrates the genetic information of multiple sites [14] . In the present study, two SNPs of renalase gene were analyzed, and results showed a low degree of LD. Further haplotype analysis was performed in which the haplotype with the frequency of <0.05 was neglected among 4 haplotypes. Finally, 3 haplotypes were included for haplotype analysis (Table 3) . Results showed the frequency of haplotype G-C in hypertensive patients was significantly higher than that in controls, and haplotype G-C contains the allele C of rs2296545. The frequency of haplotype A-C in hypertensive patients with CHD was markedly higher than that in patients with hypertension alone, and this haplotype contains the allele A of rs2576178. The frequency of haplotype A-G in hypertensive patients with CHD was markedly higher than that in controls and this haplotype also contains the allele A of rs2576178.
Genotypes, general clinical information and biochemical parameters
On the basis of genotypes of rs2576178 (AA, AG, GG) and rs2296545 (CC, GG, GC) of renalase gene, patients were classified, and the general clinical information and bio- Table 2 . Genotypes and allele frequency of rs2576178 and rs2296545 in three groups Li 
Discussion
Hypertension as the most common chronic disease has been paid attention to due to a high morbidity and high risk for damage to the target organs. Hypertension is the most common risk factor of cardiovascular and cerebrovascular diseases and closely related to the CHD and brain stroke. Gene polymorphism analysis in case-control studies has found that renalase gene is related to several diseases in humans. Renalase gene has been found to be involved in the regulation of blood pressure [15] . Further studies reveal that renalase is closely associated with hypertension, myocardial ischemia [12] , acute kidney injury [16] , diseases related to organ transplantation [17] [18] [19] , heart dysfunction [20, 21] , ischemic stroke [9, 22] and diabetes [23, 24] . The two SNPs of renalase gene (rs2576178 and rs229654) have been found to be related to hypertension [8] . Of two SNPs, the allele G frequency of rs2576178 and the allele C frequency of rs2296545 are closely related to hypertension. In addition, there is evidence [9, 10] showing that the allele C frequency of rs2296545 of renalase gene might be associated with diabetes.
Hypertension is a risk factor of CHD, and it relevant susceptibility genes might be risk factors of CHD. As known to all, renalase gene expression is related to renal function. Renal functions of patients in this study were within normal range. This study was designed to investigate the association of hypertension or CHD with renalase gene expression in patients with normal renal function. In the present study, case-control association analysis was performed in hypertensive patients with CHD, patients with hypertension alone and healthy controls. We investigated the association of renalase gene SNPs with hypertension combined with CHD. The genotypes and allele frequency were compared among groups. Results showed the allele A frequency of rs2576178 in hypertensive patients with CHD was markedly higher than that in hypertensive patients and controls, and marked difference was also observed in the genotypes. However, there were no remarkable differences between hypertensive patients and controls. These suggest that allele A of rs2576178 is a susceptibility factor of CHD, and allele G a protective factor. In addition, the allele C frequency of rs2296545 in hypertensive patients was significantly higher than that in controls, and the proportion of patients with CC genotype in hypertensive patients was markedly higher, but no remarkable differences were observed in any two groups. These suggest that the allele C of rs2296545 is a susceptibility factor of hypertension and allele G a protective factor. Haplotype analysis showed marked differences were observed in haplotype G-C between hypertensive patients and controls which contains allele C of rs2296545, in haplotype A-C between patients with hypertension alone and hypertensive patients with CHD which contains allele A of rs2576178. These findings further demonstrate that these two SNPs are related to diseases.
In the present study, to avoid false positive due to population stratification and mixing, only Han Chinese from South China were recruited. Thus, objectively, subjects in our study might have difference in renalase gene SNP with population of different races and in different areas. Our findings demonstrate the renalase gene is associated with the susceptibility to hypertension. In addition, the presence of hypertension and concomitant CHD might be related to renalase. To analyze and discus from the view of etiology is logical to elucidate this correlation. rs2576178 of renalase gene is localized at the 5' wing of renalase gene, and rs2296545 in the exon 2 of renalase gene. rs2576178 may influence the initiation of transcription and rs2296545 might change the gene functions via influencing the structure or functions of proteins. However, the ways and mechanisms by which renalase influences the blood pressure and myocardial ischemia to play a role in diseases are still poorly understood [25] [26] [27] .
There were limitations in this study. This study was conducted in Han Chinese from South China and had a small sample size. The exact association of hypertension and concomitant CHD with renalase gene is required to be elucidated and validated in studies with large sample size. There are no findings from functional studies to support whether two SNPs investigated in the present study influence the functions of renalase gene. Thus, more functional studies are required to confirm the association of renalase with hypertension and concomitant CHD.
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